Abstract. By analysis the regional characteristics of Low-frequency subbands and high-frequency subbands in nonsubsampled Contourlet transform (NSCT) for medical images, we proposed an NSCT-based image fusion algorithm for medical images. For each coefficient of the low-frequency subbands, the regional correlation was considered and the fusion strategy based on regional clarity matching was used; for each coefficient of the high-frequency subbands, the directional characteristics of the subbands were considered and the fusion strategy based on local energy of high-frequency regions was used; after that, the high-frequency fusion coefficient was determined. The proposed algorithm was verified through a simulation experiment on CT, PET and MRI images. The fusion effect was assessed using subjective and objective evaluation indicators. The experiment showed that the proposed algorithm achieved a better visual quality and quantitative indicators for medical images.
frequency coefficients under different scales. Regional characteristics of low-frequency and highfrequency subbands in the spatial domain were extracted. Correction factors were assigned to the regional characteristics based on the salient features of different images, and the weight coefficients were determined. A simulation experiment on the fusion of CT 、PET and MRI images indicated that our algorithm achieves higher fusion performance and better visual effect than WT and Contourlet transform.
2.NSCT procedures
The original images are decomposed by using the J -stage nonsubsampled pyramid filter bank (NSPFB) to obtain low-frequency subband c and high-frequency subband i b ( b is subjected to directional decomposition using the nonsubsampled directional filter banks (NSDFB) to obtain the nonsubsampled Contourlet coefficient of directional subbands under a specific scale. This is the basic principle of multi-scale, multi-directional decomposition of the image using NSCT. For each scale, decomposition leads to 2 l directional subbands; for every two scales, the number of directional subbands will increase by one-fold, which makes anisotropy and sparse image representation possible.
NSPFB
NSPFB mainly consists of an iterative process through a two-channel filter bank. Since no subsampling is included, translation invariance is well preserved. One bandpass image is generated at each stage of NSPFB, as shown in Fig. 1 
That is, NSFB can be used iteratively to construct NSPFB for multi-scale decomposition. Filters generated in this way still satisfy the conditions of perfect reconstruction. The nonsubsampled pyramid filter of the n -th stage is represented by
Nonsubsampled directional filter bank (NSDFB)
However, translation invariance is broken with conventional Contourlet transform because of uniform sampling of the translation parameters. Here the NSDFB replaces DFB (critical sampling) to perform directional decomposition of the frequency spectra using the two-channel fan filter bank Quadrant filter is ( ), 0,1
. Subbands obtained by decomposition on the previous stage are filtered to obtain directional subbands with the same size of the source image. Equivalent filter in each channel satisfies ( ) ( ) ( )
3.Feature matching algorithm
Fusion strategy for low-frequency subbands
Low-frequency subbands obtained by NSCT are approximate subbands of the source images and they reflect the general information of the source images. The selected regional characteristics must be normalized, and assessment of the structural similarity between the two images is needed. The commonly used evaluation indicators are regional information entropy S , regional energy E , maximum and minimum of regional gray scale, and regional mean or median. Based on the regional characteristics of the transform coefficient, clarity is taken as the assessment criterion. Clarity at pixel ( , ) x y on the image is defined as the vector norm sum of image gray gradient within the window w (3×3 or 5×5 pixel) which takes the studied pixel as the center: 
Feature matching strategy for high-frequency subbands
The feature matching strategy is used for the fusion (Salience/Match Measure with Threshold). The feature matching strategy for local high-frequency energy is defined as follows [10] :
where ( , , ) C i j k is high-frequency coefficient for ( , ) i j at the k the decomposition stage; ( , ) m n is the size of a neighborhood window on the image (3×3 or 5×5 pixel). The sum of squares of highfrequency coefficients in this neighborhood is the local energy at ( , , ) i j k ; the matching degree for
The fusion strategy for high-frequency coefficient is defined by ( , , ) ( , , ) ( , , )
That is, the high-frequency coefficient after fusion is the weighted sum of the coefficients of the original images at this position. The weight is determined using the following method:
is the threshold of matching degree. 
4.Experiment and analysis
Image fusion was performed in Matlab7.0 simulation and the result was compared with Wavelet weighted local contrast fusion(Wavelet Fusion) [11] , weighted Contourlet transformation coefficients fusion(Contourlet Fusion) [12] and nonsub sampled contourlet transform Fusion(NSCT Fusion) [13] .The region used for the fusion was 3x3 in size. The number of decomposition stages was 3 for the Contourlet transform. The threshold of matching degree for the high-frequency subbands was set to 0.75. The weight factor of WT was 0.5. Fig. 3 (a) and (b) and Fig. 4 (a) and (b) are the two groups of calibrated medical source images, respectively. Fig. 3 (c) and Fig. 4(c) are the results of Wavelet weighted local contrast fusion(Wavelet Fusion). Fig. 3(d) and Fig. 4 (d) are the results of weighted Contourlet transformation coefficients fusion(Contourlet Fusion). Fig. 3(e) and Fig. 4(e) are the results of nonsubsampled contourlet transform Fusion(NSCT Fusion). Fig. 3(f) and Fig. 4(f) are the results of the proposed algorithm. As to the visual effect, the fused image has a light color using Wavelet Fusion, and the edge contour is not distinct; the fused image fails to reflect the details on the medical source images. The fusion effect with the Contourlet Fusion is slightly better as compared with Wavelet Fusion, and the former can more clearly display the information from the source images. NSCT Fusion and proposed algorithm is well preserved in medical images of bone and soft tissue soft tissue, which the fusion image edge details highlight, and better than Wavelet Fusion and Contourlet Fusion. Based on the qualitative analysis of the experimental results of Fig.3 and Fig. 4 , a quantitative evaluation was further conducted using objective indicators, namely, standard deviation, Spatial frequency, entropy and mutual information. The evaluation indicators can reflect the quality of the fused image [14] . Table 1 and table 2 Contourlet Fusion leads to more directional high-frequency subbands than Wavelet Fusion, so the former is better in processing the directional details and achieves a more satisfactory visual effect than the latter. NSCT Fusion's index coefficients better than Wavelet Fusion and Contourlet Fusion, but in the high-frequency sub band fusion algorithm is not accurate enough, resulting in the overall fusion quality is not very high。The indicator values are the highest with the proposed algorithm, indicating a good similarity of the fused image with the source images. Some important details are preserved from both CT ，PET and MRI source images. Therefore, the propose algorithm is the best and achieves the most excellent visual effect. Figure 5 and Figure 6 are the other two groups of medical images using the results of different fusion algorithms. Table 3 and table 4 are the objective evaluation of the experiment. From the subjective visual and objective evaluation index of image experiment results, proposed Algorithm is also better than Wavelet weighted local contrast fusion(Wavelet Fusion), weighted Contourlet transformation coefficients fusion(Contourlet Fusion) and nonsubsampled contourlet transform Fusion(NSCT Fusion). 
5.Conclusions
We combined NSCT with regional feature matching algorithm for the low-frequency and highfrequency subbands and proposed a new method for medical image fusion. As compared with Wavelet weighted local contrast fusion(Wavelet Fusion), weighted Contourlet transformation coefficients fusion(Contourlet Fusion) and nonsubsampled contourlet transform Fusion(NSCT Fusion), the proposed algorithm can better integrate the details from CT, PET and MRI source images and achieve a better visual effect. NSCT has a good locality in spatial and frequency domains, which enables the separation of low-frequency and high-frequency subbands. Therefore, the fusion can be done separately in different channels. Fusion experiment on CT, PET and MRI source medical images demonstrates that the proposed algorithm outperforms the other two algorithms in both visual effect and objective evaluation indicators.
